Aim: To decrease the number of mobile chest radiograph requests for inpatients in British Columbia who are medically able to tolerate transport to the main department by introducing and implementing request criteria. Method: Concerns regarding inappropriate mobile exam requests in patients receiving chest radiography were surveyed at 28 medical imaging sites. In response, a multidisciplinary team composed a set of mobile radiography request guidelines incorporating feedback from all sites. These were successfully implemented along with in-person education to 21 sites. The number of adult annual mobile chest radiographs was tracked from 2014 to 2018, and informal feedback was obtained from participating sites. Results: The percentage of mobile chest radiographs of all chest radiographs performed between 2014 and 2018 decreased by 3.2%, while the total number of all chest radiographs performed during this time, including both departmental and mobile, increased by 1.9%. Sites reported positive engagement with the initiative and expressed need for ongoing education to optimize its effect. Conclusion: Implementation of request guidelines with in-person education helped to reduce inappropriate mobile exams in patients receiving chest radiographs in British Columbia between 2014 and 2018. These guidelines promote patient safety through reduced radiation exposure, empower radiographers to mitigate inappropriate requests, and help to optimize use of limited hospital resources by reducing inappropriate mobile exams where routine departmental exams are more suitable.
Introduction
Mobile radiography, where radiographs are taken at the bedside away from the medical imaging department, is an important way for the hospital to provide timely access to medical imaging services. The use of mobile imaging via portable units can improve access to inpatients requiring imaging who are too medically unstable to be transported to the medical imaging department but can be imaged on the ward or in intensive care units. [1] [2] [3] [4] Mobile radiography fills a unique and critical role in hospital patient care when appropriately applied.
In British Columbia, Canada, staff members responsible for requesting chest radiographs include physicians and nurse practitioners. Registered nurses may also request radiographs after having taken additional specific training, as per privileging requirements in British Columbia. 5 Over the past decade, an increasing number of all requested medical imaging tests (excluding Single-Photon Emission Computed Tomography [SPECT]) has been documented in Canada. 6 Although radiographs specifically were not included in the Canadian Agency for Drugs and Technology in Health statistical report, it can be inferred that radiograph requests have also increased. There are currently no guidelines or criteria for requesting mobile chest radiography in British Columbia for inpatients requiring radiography, and more research is required in this area. 7 The use of mobile radiography is regulated by Health Canada Safety Code 35, which states ''Mobile units should be used only if the condition of the patient is such as to make it inadvisable for the examination to be carried out with a stationary unit in the main X-ray department.'' 8 This code is referring to appropriate exam type when a patient radiograph is indicated and is not to be confused with inappropriate exams which is based upon clinical indication for imaging.
Inappropriate use of mobile radiography when departmental exams are feasible and indicated may have negative implications for patients, radiographers (medical radiation technologists), and hospitals. Although a mobile exam may be more convenient for patients and staff compared to transporting patients to the medical imaging department, patients receive an increased dose of radiation when compared to departmental exams. 9 Decreased quality of the image and limited views may also affect the diagnostic quality of the image and impact their care. 10 Mobile radiography also pulls radiographers from the imaging department which may affect the efficiency and throughput of the hospital's imaging services.
This study aimed to address concerns regarding inappropriate requests for mobile radiography within hospitals in British Columbia. A new set of interdisciplinary guidelines were introduced alongside in-person education that would reduce the number of adult mobile chest radiographs in patients where departmental exams would be more appropriate. The measured outcome for this study was the number of adult mobile chest radiographs performed within multiple hospital medical imaging sites across 4 health authorities in the lower mainland of British Columbia, Canada.
Methods

Initial Survey
Several hospital sites in British Columbia raised concerns regarding the inappropriate use of mobile radiography at their site. The professional practice lead for radiography in the Lower Mainland visited 28 individual sites to investigate these concerns. They performed an informal survey on common inappropriate requests for mobile radiography versus standard departmental radiography within their departments. According to Health Canada Safety Code 35, mobile appropriateness concerns were identified at 21 of the 28 sites consulted. 8 The remaining 7 sites were low-acuity, rurally located hospitals with low exam volume and did not share these concerns. These results were compiled and a group of medical imaging physicists, radiologists, radiographers, and leads from 4 health authorities in British Columbia were assembled to address these concerns.
Guidelines
Guidelines were developed for staff requesting mobile chest radiographs (Online Appendix). Feedback and input were incorporated from each group involved, including the original 28 medical imaging sites, and were consistent with regional quality initiatives developed and implemented in the Lower Mainland Medical Imaging (LMMI) service. The process for consultation is illustrated in Figure 1 . The guidelines were finalized in 2015 and included the rationale for their creation, a list of authorized requesting individuals, a criteria list, and a requisition criteria list. Final drafts were approved by an executive committee in medical imaging that included representatives from all 28 sites initially involved in this project. Since 2015, these guidelines have been revised and updated based on feedback from users with the most recent updates having been implemented in 2017. As stakeholders have been involved early, revisions have mainly concerned wording and minor edits to imaging criteria.
Pilot Study
Guidelines were initially implemented at a medium-sized hospital (a nonacademic site that was also not a class 1, 2, or 3 trauma center) which performed over 2000 mobile chest radiographs annually. Classification of trauma was made according to Trauma Services BC. 11, 12 Implementation consisted of in-person presentations and education, which was provided to emergency physicians, community physicians, clinical nurse educators, patient care coordinators, registered nurses, radiographers, and nurse practitioners over a 3-month period. The implementation period occurred from February to April 2016 with ''roll out'' in May 2016. Inclusion and exclusion criteria were outlined in the guidelines (Online Appendix), and these were applied to all adult patients aged 18 and older receiving chest radiography. The number of mobile radiographs measured from July to December 2016 was compared to the number performed over the same months in 2015, prior to guideline implementation.
Guideline Implementation
Following positive pilot trial results, the initiative was expanded to 21 hospitals where request appropriateness was a concern. The number of annual mobile chest radiographs in 2014, prior to the introduction of any guidelines, was compared to the annual number requested in 2018, following the implementation of the mobile imaging guidelines. Pediatric mobile chest radiographs were excluded in this study due to low volume. Throughout the first year following guideline implementation, all sites regularly forwarded staff feedback to the professional practice lead for radiography to facilitate ongoing site education and guide minor revisions to imaging criteria. Monthly e-mail updates were sent to staff during this process. Education was provided to new staff within each department, and annual e-mail reminders and education were sent to staff postimplementation. Site managers were also encouraged to attend specific medical and nursing meetings once per year to update and educate all disciplines given regular changes in staffing.
Calculation of Cost
Fiscal costs of mobile chest radiographs were calculated based on workload units (minutes of work) and average radiographer wage. A mobile chest radiograph is defined to be 15 workload units compared to 10 workload units allotted for a departmental chest radiograph. Based on the average wage for a radiographer of CAD30 per hour, each workload unit represents CAD0.50. The number of radiographer work hours available for reallocation was calculated using the following:
Results
Initial Survey
Consultation and informal survey of the 28 hospital sites raised concern around inappropriate mobile radiography requests at 21 of these sites. Radiographers have reportedly been called to the ward for nonurgent exams of fully ambulating inpatients who would have been able to tolerate transport to the main department. Mobile requests have also been submitted by nurses who were too overwhelmed to place their patient into a wheelchair for transport. Other requests were submitted when there was no wheelchair, stretcher, or porter available to transport the patient. Requests from physicians have been submitted citing that they had forgotten to request a chest radiograph earlier in the day and required diagnostic imaging results by the afternoon.
Pilot Study
The number of mobile chest radiographs performed in the medium-sized hospital site from July to December 2015 was 959. In 2016, the number of mobile chest radiographs performed from July to December was 740. This was an overall decrease of 22.8%.
Number of Mobile Chest Radiographs Performed
The guidelines were successfully implemented at 21 hospitals in British Columbia. radiographs performed, which is also depicted in Figure 2 . In 2014, the total number of all chest radiographs performed across all participating sites was 379 091, of which 96 105 were mobile chest radiographs (25.4%). In 2018, the total number of all chest radiographs performed was 386 224, of which 85 769 were mobile chest radiographs (22.2%). Overall annual data are depicted in Figure 3 . Between 2014 and 2018, the percent of mobile chest radiographs of all chest radiographs across the 21 sites decreased by 3.2%. The number of mobile chest radiographs decreased by 10.8% from its original total in 2014. The total number of chest radiographs performed including both mobile and departmental exams from 2014 to 2018 increased by 1.9%. All but 3 sites showed a decrease in the number of mobile radiographs performed following introduction of guidelines. Across all sites, the change in the number of mobile chest radiographs of all chest radiographs ranged from an 11.9% increase to an 8.3% decrease between 2014 and 2018 ( Figure 2) . 
Post-implementation Feedback and Follow-Up
Feedback obtained from sites was largely positive following this initiative. Medical imaging staff, nursing staff, and referring physicians reported being previously unaware of differences between mobile and departmental exams, including image quality, number of included views, and radiation dose differences in patients. On the other hand, some sites also reported pushback from staff who were unaccustomed to using standard criteria for the request of mobile chest radiography.
Discussion
The introduction of request guidelines with in-person education has correlated with a dramatic decrease of 10.8% in adult mobile chest radiographs and a 3.2% decrease in the percentage of mobile exams of all chest radiographs across multiple hospitals in British Columbia from 2014 to 2018. This decrease is particularly noteworthy considering the overall increase, 1.9%, in the total number of annual adult chest radiographs performed over this period. The percentage of mobile radiographs did not decrease further in 2018 compared to the previous years, and this may be due to decreased engagement with sites over time. Overall, these results support a reduction in inappropriate mobile radiographs.
Education concerning mobile radiographs is not consistent across professions, and many staff members may not understand the difference between a regular department radiograph and a mobile radiograph with respect to radiation dose, image quality, and impact on department operations. Often, these options were thought to be interchangeable. A lack of education in this regard has contributed to inappropriate mobile radiograph requests.
Patient safety is prioritized through appropriate use of mobile radiography. In contrast to fixed departmental machines, mobile radiography machines expose patients to higher doses of radiation as they may not utilize antiscatter grids, and do not automatically limit exposure once adequate radiation to the detector is received. 9 With respect to radiation dose, the median dose delivered for a mobile chest radiograph is 0.017 mSv, whereas 0.010 mSv is delivered in a fixed chest radiograph based on LMMI internal data. Despite increased radiation, mobile radiographs comparatively show poorer image quality, which is observed in comparative images included within the guidelines (Online Appendix). Additionally, mobile chest radiographs are typically limited to a single anterior-posterior image and often not performed at optimal inspiration, which may limit diagnostic yield. 10 Mobile radiography guidelines can help address systemic inefficiency for radiographers delivering mobile chest radiographs. Mobile radiography requests introduce variability in the medical imaging department workflow by removing medical imaging staff from their department. This creates a larger workload for the radiographers left behind in the department, compromising efficiency and throughput of imaging services for the entire hospital. By responding to inappropriate requests for mobile chest radiography, medical imaging staff also become less available to respond quickly to emergencies requiring a STAT mobile radiograph. 13 Increasing efficiency in the imaging department by decreasing workflow variability can be facilitated through judicious use of mobile resources.
Improving health-care efficiency through request guidelines can result in substantial cost savings by reducing waste as defined by lean principles. 14 In our department, each mobile radiograph accounts for an estimated 15 minutes of radiographer time. This added time constitutes an additional CAD7.50 per chest radiograph. Although radiographers are not remunerated on a fee-for-service basis, that paid time may be used to complete other aspects of their work and increase financial efficiency. In a hospital that performs 20 000 mobile chest radiographs a year, a 10% reduction following guideline implementation would allow reallocation of 500 hours of radiographer time that could be more effectively spent in other areas (Equation 1).
With the implementation of guidelines to assist in patient care decisions comes the question of whether strict criteria may also result in patient harm. Among the exclusion criteria in the guidelines (Online Appendix) was a lack of ability to bear weight. The number of patient falls was documented before and after implementation through the use of Patient Safety Learning System data, a provincial system. Data showed no increase in patient falls as a result of these new mobile imaging criteria. Patients were safely and effectively transported to the radiography department by experienced porters and radiography staff using standard hospital stretchers when departmental exams were feasible and indicated.
Health-care improvement through the reduction of unnecessary medical imaging tests has been extensively analyzed in previous quality assurance projects. [15] [16] [17] [18] Our study is unique in examining the effect of guidelines specific to the request of mobile chest radiographs as opposed to standard departmental exams. The Canadian Agency for Drugs and Technologies has identified this to be an area within medical imaging that lacks information regarding clinical effectiveness. 7 Our study does contain limitations. Many of the smaller hospitals that experience fewer mobile radiograph requests did not consider over-requesting to be an issue at their site and did not participate in this initiative. In addition, some hospitals did not have the infrastructure and personnel required to provide the necessary education, thus delaying implementation. Finally, we did not examine data concerning pediatric mobile radiograph requests due to low volume of pediatric exams.
Other interventions may improve requesting practices and education related to medical imaging in hospitals. Future studies are needed for a more comprehensive analysis of their downstream effects. Further intervention could include decision-support algorithms for computerized request entry, which has previously been found to be an educational, efficient, practical, and consistent solution to inappropriate requests. 16, 18 Including continuing education has also been shown to be more successful for managing imaging utilization. 16 Areas for further study could include examination of redundancy in radiograph requests based on radiologist recommendations for repeat examinations. Finally, quantification of the impact on discharge planning is another area for future consideration.
Conclusion
Guidelines for appropriate mobile radiography requests introduced with in-person education have contributed toward decreasing the number of inappropriate mobile chest radiographs of all chest radiographs performed by 3.2% in the Lower Mainland hospitals of British Columbia between 2014 and 2018. This has positive downstream effects for patient safety, quality of patient care, and efficiency for health-care systems. Ongoing education and consistent follow-up is needed to more fully realize the potential of this intervention and establish a new culture around the use of mobile radiography. Further research is needed to look for additional areas of improvement, to analyze downstream effects on patient care, and to quantify specific cost savings.
